Key Summary Points {#d29e264}
==================

Photodynamic therapy (PDT) plays an important role in the treatment of several chorioretinal diseases, such as central serous chorioretinopathy, polypoidal choroidal vasculopathy, and choroidal hemangioma.The treatment of choice for chronic central serous chorioretinopathy is PDT with half-dose verteporfin or half-fluence PDT (with full-dose verteporfin).For the treatment of polypoidal choroidal vasculopathy, PDT with both standard and reduced treatment settings can be considered.For the treatment of choroidal hemangioma, either standard treatment settings, a bolus protocol, or a high-fluence protocol can be used.Patients should be adequately informed to avoid direct sunlight after treatment, and side effects during and after PDT are rare.

Introduction {#Sec1}
============

The therapeutic use of light in medicine is not new and dates back to the ancient Egyptians and Greeks \[[@CR1], [@CR2]\]. The spread of Abrahamic religions that began in the fourth century resulted in both sun worship and the use of light for healing being considered to be heathen practices, with the consequence that its use for therapeutic purposes in many parts of the world was put on pause until the nineteenth century \[[@CR2]\]. One of the pioneers who popularized light treatment in Western medicine was the Danish physician Niels Finsen, who studied the use of phototherapy against lupus vulgaris, ultimately receiving the Nobel prize in 1903 for his work in this field \[[@CR2]\]. Subsequent research revealed that certain drug properties can be activated with the use of light; these molecules are referred to as photosensitizers and can be used in photodynamic therapy (PDT), a treatment that was first described in 1990. In the early 1990s, PDT was used to treat different types of solid tumors \[[@CR3]\]. In PDT, a patient is given an intravenous injection of a nontoxic photosensitizer that can subsequently be locally activated using nonthermal red light. Consequently, a therapeutic effect can be achieved in a particular region \[[@CR4], [@CR5]\].

Improvements in laser technology and the development of more selective photosensitizers has resulted in PDT gaining popularity as a treatment option among ophthalmologists. One such selective photosensitizer is verteporfin (Visudyne®; Bausch + Lomb, Laval, QB, Canada), a benzoporphyrin derivative that has a high affinity for the retinal pigment epithelium and which preferably accumulates in abnormal vascular tissue. In ophthalmology, PDT was originally used to treat subretinal neovascularization, which can occur as a late clinical manifestation of age-related macular degeneration (AMD) \[[@CR5], [@CR6]\]. Following approval of PDT for treating neovascular AMD, PDT was also gradually introduced off-label at the same ('full') dose of photosensitizer for the treatment of other chorioretinal diseases, such as central serous chorioretinopathy (CSC), polypoidal choroidal vasculopathy (PCV), and choroidal hemangioma \[[@CR7]\].

In PDT, the excitation of the photosensitizer is caused by the absorption of light. This excitation leads to local damage due to the conversion of tissue oxygen to both singlet oxygen and reactive oxygen radicals. These reactive oxygen species induce the oxidation of different structures, which in turn leads to oxidative stress and subsequently to both the apoptosis and closure of abnormal blood vessels and to stimulation of the immune system \[[@CR5], [@CR8], [@CR9]\]. Three important factors need to be taken into account to induce the appropriate treatment effect: characteristics of the photosensitizer, characteristics of the involved tissue, and treatment parameters \[[@CR4]\]. Verteporfin has a tendency to accumulate in the retinal pigment epithelium and abnormal vascular tissue and also has a high affinity for choroidal blood vessels. The latter property has been found to be of importance when treating diseases that are presumed to be of choroidal origin, such as CSC \[[@CR10], [@CR11]\]. Verteporfin is administered intravenously and thus accumulates in the entire human body. Therefore, unprotected skin and eyes exposed to direct sunlight (which has also includes a wavelength that is similar to the 689-nm laser that is used during PDT) are at risk to developing side effects. For this reason, direct sunlight has to be avoided during the first few days after PDT to avoid a photosensitivity reaction, which manifests as a sunburn.

Here, we review PDT from a practical perspective and cover aspects related to the treatment protocol, safety, and information provided to the patient. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors.

Protocol for Photodynamic Therapy {#Sec2}
=================================

Prior to a patient receiving PDT, the pupil of the eye to be treated must to be dilated, for example, by using 1.0% tropicamide and 2.5% phenylephrine. When adequate dilation is achieved, verteporfin is administered intravenously over a period of 10 min. Historically, full-dose verteporfin (6 mg/m^2^) was used for PDT (full-dose PDT). However, a number of clinical studies have found that half-dose verteporfin (3 mg/m^2^) in PDT (half-dose PDT) usually suffices for clinical efficacy while also reducing the risk of adverse events. With half-dose PDT, the standard fluence (50 J/cm^2^) and standard treatment time (83 s) are applied during the treatment. Alternative PDT options are half-fluence PDT, where the fluence is reduced to 25 J/cm^2^ and full-dose verteporfin and the standard treatment time are applied, and half-time PDT, where the standard fluence and full-dose verteporfin are applied and the treatment time is reduced (42 s).

At exactly 15 min after the start of the infusion of verteporfin, an anesthetic eye drop (e.g., oxybuprocaine 0.4%) is administered. This time interval allows for a sufficient amount of verteporfin to enter the chorioretinal tissue so that the treatment effect is maximized without increasing the risk of damage to adjacent structures. At this point, the eye can be considered ready for commencement of treatment.

For the laser treatment, typically a ×1.6 magnification contact lens (e.g., a Volk® PDT lens; Volk Optical Inc., Mentor, OH, USA) is first placed on the eye to be treated, and then a 689-nm wavelength laser is focused on the area that is to be treated. The area to be treated can be determined based on prior results from fluorescein angiography (FA) or indocyanine green angiography (ICGA).

Reduced Settings: The Rationale and the Evidence {#Sec3}
------------------------------------------------

For each particular disease entity, the balance between optimal treatment and the risk for and severity of side effects may differ. PDT using reduced treatment settings (reduced-settings PDT) may not be sufficient to achieve the desired treatment effect in some entities, but the protocol was specifically developed for treating chronic CSC in order to reduce the chance of deleterious effects \[[@CR12]\]. In CSC, half-fluence PDT has been found to be just as effective as conventional full-dose PDT \[[@CR12]\], and in chronic CSC, half-dose PDT has been reported to be either as effective or superior to half-fluence PDT \[[@CR13]--[@CR15]\]. Dosages of \< 50% have also been studied in CSC, but PDT at these lower dosages appears to be suboptimal compared to those at half-dose PDT \[[@CR16], [@CR17]\]. Therefore, it can be concluded that half-dose (or half-fluence) PDT should be the treatment of choice for chronic CSC \[[@CR18]--[@CR22]\]. For the treatment of PCV, half-dose PDT has also been found to have a similar efficacy as full-dose PDT when both treatments are combined with intravitreal injections with anti-vascular growth factor inhibitors (VEGFs) \[[@CR23]\].

Specific Considerations When Treating Central Serous Chorioretinopathy {#Sec4}
----------------------------------------------------------------------

In chronic CSC, ICGA-guided PDT is performed based on the visualization of hyperfluorescent area(s) on mid-phase ICGA (approximately 10--15 min), which often correspond(s) to the presence of subretinal fluid (SRF) on optical coherence tomography (OCT) and leakage on mid-phase FA (approximately 3 min; Fig. [1](#Fig1){ref-type="fig"}) \[[@CR20]\]. PDT is thought to lead to short-term hypoperfusion of the choriocapillaris and subsequently to long-term remodeling of choroidal vasculature and reduction of the increased thickness ('pachychoroid') of the large choroidal vessels, which in turn leads to a resolution of SRF leakage \[[@CR10], [@CR11]\]. However, promising results after FA-guided PDT in patients with chronic CSC have also been published, despite the presence of extensive choroidal abnormalities that were presumed to underlie the disease \[[@CR24]--[@CR28]\]. As these choroidal abnormalities are generally more widespread than FA abnormalities, it should be noted that FA-guided PDT of chronic CSC may not cover all of the choroidal abnormalities and could lead to undertreatment (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR18], [@CR20]\]. In the only available large randomized controlled trial (RCT) on chronic CSC to date, 67% of patients with chronic CSC had a complete resolution of SRF at 7--8 months of follow-up \[[@CR20]\]. Thus, available evidence on the use of half-dose PDT in chronic CSC is considered to be level 1 due to the availability of data from this RCT \[[@CR20]\] The effectivity of PDT may be limited in older patients and patients with hypofluorescent abnormalities on ICGA prior to treatment \[[@CR29], [@CR30]\]. Alternative interventions that are available for the treatment of chronic CSC have resulted in less favorable outcomes \[[@CR20], [@CR31]\]. Based on published studies, ICGA-guided half-dose (or half-fluence) PDT should therefore be the treatment of choice for chronic CSC \[[@CR18]--[@CR22]\].Fig. 1Multimodal imaging of an eye of a 55-year-old woman diagnosed with chronic central serous chorioretinopathy (CSC) and treated with half-dose photodynamic therapy (PDT).**a**,**b** Prior to initiation of half-dose PDT, foveal subretinal fluid was observed on optical coherence tomography (OCT) (**a**), and leakage of fluorescein and retinal pigment epithelium alterations were visible on fluorescein angiography (FA; **b**).**c** The areas of hyperfluorescence on indocyanine green angiography (ICGA), typical of chronic CSC, were included in the PDT spot (red circle).**d**--**f** Compared to the imaging results before PDT, at the visit 2 months after PDT, subretinal fluid had resolved (**d**), leakage of fluorescein on FA had ceased (**e**), and the hyperfluorescent abnormalities in the ICGA area had decreased in intensity (**f**)

Chronic CSC should be treated independently of the best-corrected visual acuity (BCVA) at presentation as the prolonged presence of SRF has been found to induce irreversible damage to photoreceptors \[[@CR32]\]. Moreover, treating patients with severe chronic CSC has been observed to lead to stable long-term BCVA \[[@CR21]\].

Recurrence of SRF after PDT has been described in up to 20% of chronic CSC eyes \[[@CR30], [@CR33]\]. A higher rate of recurrence after treatment has been found in patients with posterior cystoid retinal degeneration, no changes in intense hyperfluorescence on ICGA, poor baseline BCVA, a disrupted ellipsoid zone, and/or the presence of flat irregular detachments of the retinal pigment epithelium \[[@CR34]--[@CR37]\]. It is important to rule out the presence of a subretinal neovascularization in patients with recurrence of SRF, also using OCT angiography, if available. When no subretinal neovascularization can be found, ICGA-guided half-dose (or half-fluence) PDT should again be the treatment of choice; new contrast angiograms can be obtained to pinpoint the areas of leakage. Intravitreal injections with anti-VEGF medication should be prescribed to patients with a subretinal neovascularization \[[@CR18]\].

Specific Considerations When Treating Polypoidal Choroidal Vasculopathy {#Sec5}
-----------------------------------------------------------------------

The gold standard of PCV diagnosis requires ICGA as choroidal changes can otherwise be difficult to distinguish from, for example, neovascular AMD. Patients with PCV present with recurrent serous and/or hemorrhagic pigment epithelium detachments, with the presence of polyp-like focal hyperfluorescent areas and dilated choroidal vessels on ICGA \[[@CR38]\]. Results from a range of clinical studies suggest that combination therapy with ICGA-guided PDT and intravitreal injections of anti-VEGF medication leads to the best visual and anatomical outcomes, as well as the highest degree of polyp closure and fewest required injections \[[@CR38], [@CR39]\]. The EVEREST II study found that combination therapy of full-dose PDT and intravitreal injections of ranibizumab was superior to monotherapy consisting of intravitreal injections of ranibizumab, in terms of BCVA and complete polyp regression \[[@CR40]\]. However, recent studies suggest that anti-VEGF monotherapy with, for example, aflibercept has similar efficacy, at least in an Asian population \[[@CR41], [@CR42]\]. Since information reported in the literature is not clear with regard to the added efficacy of PDT in the treatment of PCV, we would consider the evidence of PDT in PCV to be of level 2. To achieve polyp closure, the complete lesion, including both the polyps and the branching vascular networks visualized on ICGA, can be treated, but treatment can also be restricted to the polyps only **(**Fig. [2](#Fig2){ref-type="fig"}**)**. In PCV patients, many clinicians perform PDT at the standard settings \[[@CR39], [@CR43]\], but half-dose PDT may also be considered \[[@CR23]\]. No significant improvement in BCVA has been reported after PDT monotherapy \[[@CR44]\]. To date, the literature suggests that the preferred treatment approach for PCV is either anti-VEGF monotherapy or anti-VEGF treatment combined with PDT \[[@CR45], [@CR46]\].Fig. 2Multimodal imaging of an eye of a 73-year-old man diagnosed with polypoidal choroidal vasculopathy who was treated with half-dose photodynamic therapy (PDT) and intravitreal anti-vascular endothelial growth factor (VEGF) injections.**a**,**b** Prior to initiation of half-dose PDT, a hyperreflective irregular retinal pigment epithelium layer with adjacent subretinal fluid highly suggestive of a polypoidal lesion was seen on optical coherence tomography (OCT) (**a**), and leakage of fluorescein was observed on fluorescein angiography (**b**). The patient had received 2 intravitreal anti-VEGF injections before half-dose PDT.**c** The mild hyperfluorescent polypoidal lesion visible on indocyanine green angiography was targeted with half-dose PDT (within the red circle).**d** Compared to the imaging results before PDT, at the visit 6 months after half-dose PDT, the polypoidal lesion had regressed and the subretinal fluid had disappeared on OCT. This patient had received an additional 7 intravitreal anti-VEGF injections between half-dose PDT and the visit at 6 months after PDT

In our opinion, monotherapy consisting of intravitreal injections with anti-VEGF may be considered in PCV patients with relatively good BCVA as this treatment often leads to good visual and anatomical outcomes and has no risk of the occurrence of complications that can occur after PDT. When the clinician decides to perform PDT, full-settings PDT may be considered in PCV patients who had shown an insufficient response to reduced-settings PDT.

Specific Considerations When Treating Choroidal Hemangioma {#Sec6}
----------------------------------------------------------

PDT is considered to be the treatment of choice for choroidal hemangioma, as this treatment modality selectively targets abnormal choroidal vessels without damaging the overlying neurosensory retina. PDT is especially indicated in patients with either evidence of SRF or macular edema \[[@CR47]--[@CR51]\]. When the size of the tumor vessels exceeds the maximum diameter of the spot size that can be used during PDT, multiple treatment spots can be used in one session. For this purpose, a contact lens providing a wider field of view can be used, such as the Volk SuperQuad lens (magnification ×1.92), or a Volk TransEquator lens (magnification ×1.44; both Volk Optical Inc.).

Three main PDT protocols have been described for the treatment of choroidal hemangioma, all of which use a standard (full) dose of 6 mg/m^2^, but vary in terms of additional settings:'Standard' protocol: verteporfin is infused over a period of 10 min; PDT treatment is 83 s (standard treatment time) at 600 mW/cm^2^ irradiance, starting exactly 15 min after the start of the verteporfin infusion, compatible with a standard fluence (radiant exposure) of 50 J/m^2^ \[[@CR48]\].'Bolus' protocol: verteporfin is infused rapidly within 1 min (bolus); PDT treatment is 83 s (standard treatment time) at600 mW/cm^2^ irradiance, starting exactly 6 min after the start of the verteporfin infusion, compatible with a standard fluence (radiant exposure) of 50 J/m^2^ \[[@CR49], [@CR50]\].;'High fluence' protocol: verteporfin is infused over a period of 10 min; PDT treatment is 166 s (twice the treatment time of the aforementioned protocols) at 600 mW/cm^2^ irradiance, starting exactly 15 min after the start of the verteporfin infusion, compatible with an increased fluence (radiant exposure) of 100 J/m^2^ \[[@CR51]\].

Independent of tumor size, tumor control---which is usually defined as the elimination of exudation rather than complete tumor shrinkage---can be achieved in the vast majority of patients (Fig. [3](#Fig3){ref-type="fig"}) \[[@CR52]\]. The latter two treatment protocols described in aforementioned text appear to have a higher single-treatment long-term success rate in terms of complete resolution of SRF \[[@CR49]--[@CR51]\]. The authors of one study reported that the visual outcome of patients with choroidal hemangioma increased from a mean visual acuity of 20/400 in the pre-PDT era to 20/63 in the PDT era \[[@CR53]\]. In addition, multiple case series in choroidal hemangioma patients found clinical improvements and minimal complications after PDT \[[@CR48], [@CR51], [@CR54], [@CR55]\]. The level of evidence that is available for PDT in the treatment of choroidal hemangioma is considered to be level 2 due to the lack of large RCTs. Nevertheless, it is the preferred treatment for choroidal hemangioma since other interventions remain to be scrutinized.Fig. 3Multimodal imaging of the an eye of a 51-year-old man diagnosed with choroidal hemangioma and treated with full-dose photodynamic therapy (PDT) according to the bolus protocol.**a**,**b** Prior to treatment, temporal to the macula an elevated lesion with subretinal fluid was visible on optical coherence tomography (OCT) (**a**), and diffuse leakage of fluorescein was observed on fluorescein angiography (**b**).**c** The hyperfluorescent area within the red circle on indocyanine green angiography was treated twice with full-dose PDT.**d** Compared to the imaging results before PDT, at the visit at 12 months after the last PDT, the choroidal hemangioma had regressed and subretinal fluid had disappeared on OCT

Safety {#Sec7}
======

Contraindications {#Sec8}
-----------------

The use of verteporfin is contraindicated when the patient shows hypersensitivity to either verteporfin or any component of the drug. In addition, patients with severe hepatic disease cannot receive PDT since severe hepatic impairment leads to a decrease in the metabolism of verteporfin into diacid. As the conversion of verteporfin is important to induce its effect, PDT is contraindicated in porphyria patients due to the absence of several enzymes in this patient population \[[@CR56]\].

Bilateral Treatment {#Sec9}
-------------------

No studies have been performed on bilateral PDT on the same day. As transient visual complaints can occur after PDT, as well as irreversible vision loss due to chorioretinal atrophy in very rare cases, bilateral treatment should be performed with caution \[[@CR57]\].

Pregnancy and Postpartum Period {#Sec10}
-------------------------------

Verteporfin has not been studied in pregnant women. In rats, the use of verteporfin has shown teratogenic effects. Verteporfin should only be used in pregnant women if the benefit justifies the potential risk to the fetus. Moreover, verteporfin and its metabolites have been detected in breast milk after full-dose PDT. As the effects of verteporfin on neonates are currently unknown, treatment should be postponed to the post-partum period, and breast feeding should be interrupted for at least 96 h after treatment \[[@CR56], [@CR58]\].

Complications {#Sec11}
-------------

Only a few side effects have been reported during and after PDT. Severe complications, such as hypersensitivity reactions to the infusion, choroidal non-perfusion, and temporary retinal artery stenosis, have been described in a few cases and, consequently, patients have to be monitored during treatment \[[@CR18], [@CR56]\].

### Ocular Complications {#Sec12}

Transient visual complaints are the most frequently occurring ocular complication after PDT. These complaints, which has been described in up to 38% of patients, consist of various visual disturbances, such as abnormal vision and decreased vision, and generally occur within 1 week after PDT \[[@CR57], [@CR58]\]. In one study, no significant differences on OCT and in retinal sensitivity on microperimetry were observed between patients who did and who did not experience these transient visual complaints, although transiently increased choroidal thickness and SRF accumulation were described \[[@CR58]\]. Improvement or resolution of complaints was observed over time in the vast majority of these patients \[[@CR59]\].

To minimize the risk of the occurrence of these severe ocular side effects, PDT at reduced settings (preferably using half of the standard verteporfin dose (3 mg/m^2^ instead of 6 mg/m^2^) is currently often used. In studies on reduced-settings PDT, no treatment-related ocular complications, such as a subretinal neovascularization or retinal pigment epithelium atrophy, have been observed \[[@CR20], [@CR60], [@CR61]\].

### Systemic Complications {#Sec13}

Severe pain, inflammation, and blistering at the injection site can occur after extravasation of verteporfin. These side effects can be more pronounced when the affected area is exposed to light.

To prevent this complication, the largest possible arm vein has to be chosen for infusion of verteporfin, and the intravenous line has to be free-flowing before the verteporfin infusion is initiated \[[@CR56]\]. Photosensitivity reaction is another important systemic complication, which usually occurs as a sunburn within 24 h after PDT in patients who do not take sufficient precautionary measures \[[@CR56]\]. Lower back pain can also occur after PDT in up to 4% of patients. When these patients require a second treatment, this systemic adverse event can be effectively prevented by the intravenous administration of diclofenac shortly before treatment is initiated \[[@CR62]\].

Important Information to the Patient {#Sec14}
====================================

Information to the patients should be provided well in advance because of two important aspects of PDT treatment. First, precautions need to be made to avoid sunlight after the treatment (sunglasses, scarf, hat, etc.). Second, following the treatment, use of motorized vehicles may be difficult due to transiently decreased vision, and is discouraged.

Precautions to Avoid Sunlight {#Sec15}
-----------------------------

Patients are photosensitive during the first 48 h after the administration of verteporfin and should therefore avoid exposing unprotected skin to sunlight. The duration of the period that exposure to sunlight should be avoided may be adjusted based on the verteporfin dose that was administered to the patient (e.g., 72 instead of 48 h when full-dose verteporfin was given). When treated patients have to go outside during the daytime within this 2-day period, it is recommended that they protect their skin and eyes by wearing protective skin-covering clothing and sunglasses. Patients may be encouraged to expose themselve to ambient indoor light in the early post-PDT period as this will help to eliminate the verteporfin more quickly by a process called photobleaching.

The verteporfin to be administered to a patient should not come into contact with light prior to its use in order to prevent a decrease in the treatment effect because light includes a wavelength that is similar to the 689-nm wavelength of the laser that is used during treatment. This can be prevented by covering the verteporfin-filled syringe with, for example, aluminum foil. Moreover, direct contact of verteporfin with either eye or skin has to be avoided during treatment \[[@CR56]\].

Effects on Patient's Ability to Use Motorized Vehicles {#Sec16}
------------------------------------------------------

The necessary pharmacological pupil dilation that is achieved before PDT may impair vision for up to 1 day. In addition, patients may develop transient visual disturbances, such as decreased vision, in the post-PDT period. Therefore, the use of motorized vehicles is prohibited as long as these symptoms persist, which may be the case for up to several weeks \[[@CR56]\].

Conclusion {#Sec17}
==========

In conclusion, in this article we describes practical approaches to PDT and highlight important practical aspects related to PDT. PDT plays an important role in the treatment of several chorioretinal diseases, such as CSC, PCV, and choroidal hemangioma. Level 1 evidence is available for half-dose PDT for the treatment of chronic CSC; consequently, half-dose (or half-fluence) PDT is the treatment of choice for chronic CSC. The evidence for PCV and choroidal hemangioma is considered to be level 2. For the treatment of PCV, anti-VEGF monotherapy or combination therapy of anti-VEGF and PDT at standard or reduced settings can be considered. For the treatment of choroidal hemangioma, either standard treatment settings, a bolus protocol, or a high-fluence protocol can be used. Patients should be adequately informed of the need to avoid direct sunlight after treatment. Side effects during and after PDT are rare.
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